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ooooo

00000000000000000

z,y,a,b00002,w00000000000

00O0field) 000D00000000000200000 (200000000000)000000020000
0 R2000000 z=(z,9)00 (z,y000)00000 2,y00000000000000 ((z,y) # (y,2))0
ooooooon

214 22 = (x1,91) + (w2, 92) = (x1 + T2, y1 +y2)
2129 = (v1,y1)(T2,Y2) = (172 — Y1y2, T1y2 + T2y1)
goooOooooooooooooo (:L‘,y)DDDD (complexnumber)DDDDDDDDDDDDDDD cog

oooooooon

e 00D
0 (0,0)0 (1,0) O

(2,y) +(0,0) = (2,y) , (x,¥)(0,0) = (0,0)(x,y) = (0,0)
(z,9)(1,0) = (1,0)(z,y) = (z,y)

(0,0) 00000 e+0=ae¢000(0,1)00000 ex1010000000000000000OCOO0
ooooo(o,0000000
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oooooo

(z+y) + (=2, —y) = (0,0)

00000000000000000000000 z'00z227'=2"12=(1,0000000000

L
z (I2+y2,$2+y2)

gooono

22 +y? —zy+zay

- T —y
2! = (@) )= Gt s

x2+y2’x2+y2

) = (1,0)
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e JOUOODO2Zy 420 =20+ 21, 2122 = 2921
0 2,22000000000 1,2000000000000000000O000O00O00O00O0O

e D0OODO (21 +22)+ 23 =21+ (224 23) , (2122)23 = 21(2223)
gooooooooooo

(2122)23 = (X122 — Y1Y2, T1Y2 + T2y1) (23, Y3)

= (w122 — y1y2)w3 — (12 + T2y1) Y3, (T122 — Y1y2)ys + (T1y2 + T2y1)23)

z1(2223) = (z1,91) (@23 — Y2y3, T2y3 + T3Y2)

= (z1(z273 — Y2u3) — y1(@2y3 + 23Y2), T1(T2y3 + T3y2) + y1(T223 — Y2y3))

uboobouodgboodgboogboodada

. DDDDD21(2’2+23)22’122+2123
ooodooooon

z1(22 + 23) = (z1,91) (T2 + 23,92 + ¥3)
= (w1(w2 +23) — y1(y2 +y3), T1(y2 +y3) +y1(w2 + 23))
= (21272 — Y1y2 + 173 — Y1Y3, T1y2 + Y172 + T1Y3 + Y173)
= (2122 — y1y2, T1Y2 +y122) + (2123 — Y1y3, T1Ys + Y123)
= 2122 + 2123

gobooobo2000000000000C000O000DOO0O0DOOO0OOOODOOODOODOOOOOOOOOn
000000000000 (ield) 000000000000 OOOOOOOOO
020000000000000010000000000000(L,0)0000 100000000 20
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O00oooooooooo(,n)ood
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(—1,0) = -1

00o00o0ddi=(0,1), 4=4=-10000000000000

(Oa y) = (07 1)(ya O) =iy

goooog

z=(2,y) = (2,0)+ (0,y) =z + iy

O00000(z,y)0 2+ 000000000000 0O00O0O0O0O0O0O00O0 x4+ O0000000OOOO
0z+iy00000000000000002w00000zx,4,¢,b00000000

000000000 (2 =2+iy0 z=1iy) 000 (imaginary number)Jz = iy 0000000 (purely imaginary)O
100000 (imaginary unit) 00 0000:000000000000000000000000000 (real
part)dy 000 (imaginary part) 0000000000000

Rez =z, Imz=y

00000000
0 (z,y)0000000000

e D000z + 22 = (w1 +x2) +i(y1 +y2) , 2122 = 2102 — Y12 + i(x1Y2 + T2y1)

e 100024 0=2,1xz=2
1 z .y

= 1
$+’Ly x2+y2 x2+y2

000z+(-2)=0, 27t =

00000z +20 =204+ 21, 2122 = 2221

O0000O (21 4+ 22) + 23 =21+ (22+ 23) , (2122)23 = 21(2223)

00000z (22 + 23) = 2122 + 2123

googood

(21 + iy1) (w2 + iy2) = 2129 + P2Y1y2 + i(T1Y2 + T211)

= 21T2 — Y1Y2 + i(Z1y2 + T2y1) S (T1T2 — Y1Y2, T1Y2 + T2y1)
00000042 =—-10000000+000000000000000000000000000z2~10

1 T — 1y _x =iy T .Y

rriy  @trw)@-iy) 2ry? 24y a2ty
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(z +iy)? = 2% £ 2izy + i%y* = 22 £ 2izy — y°

(x +iy)(x — iy) = 2? +izy — izy + i%y? = 2% —¢°

obooobobooooobooog

(243i)+(B3+4i) =2+3+3B+4)i=5+Ti
(14+2i)(34+4i) =1x3+(2x3)i+(1x4)i+ (2x4)i*=3+10i —8 = —5+ 10

5+45i 10 (5+5i)(2+ 3i) 10B3-2) _10-15+i(10+15) 30-20i _2 5

2—3f+3+m"@—3n@+30 (34 21)(3 — 2i) 13 13 13 13

000000000000000000000000
00000000 2/2000000w?=2000000w00000wd :00000000wd0000
00000w=a+ib(a,b000)000

z+iy = (a+ib)? = a® — b* + 2iab

00000000000000000000000000000 ((00000000000000000000
ooooo)

r=a>—-b%, y=2ab

good

(a2+b2)2:(aQ—b2)2+4a2b2:fE2+y2

goooo

a? 4+ b = /22 4 42
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1 1
ol =@+ Va2 +y?), b =S+ Va2 1)

yO0OOO«,b000000D0000z,yOO0OO0DOOO

2 2
22 Y g WY
a*(a® — ) 47b(b +x) 4,b 50

O00e«pO00D0OO0O00DOOOOODOOOODOO a,b00

z>0,y>0: a>x, b>0; a< —/z, b<0 = 00000
x>0, y<0: a>+vx, b<0;a<—vz, b>0 = 00000
z<0,y>0: a>0,b>+7;a<0,b<—y/2z = 00000

r<0,y<0: a>0,b<—vx;a<0,b>+2 = 00000

x000000000y>0006,0>00 a,b<00y<000 a>0,<00a<0,6>0000

1 1
y>0:a=d+—\/x+Va?+y?, b=Ft—\/—x+ a2 +y?

NG NG

1 1
y<0:a:i\7@ T+ x2+y2,b::Fﬁ —x + /2% + y?

y=000 a=+/20000000y>000 s=10y<000 s=-100000-00000

1/ 1
i(ﬁ $+\/$2+y2+i$ﬁ —$+\/$2+y2)

goooobooog.on

2ot 4i) @=0,y=1) (1)

V2
googooo
00000 »=24+4000000000000000w=a+000

Z:’LU2

2+ 4i = a® — b + 2iab

good

2=a?>-1%,2=ab
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a?>0000a2=1++/5000020

4 4(1 —/5) Vi1

b2:i: = — e
a? 1445 4

ab=2000qb000000000

j:w:j:(\/1+\/5+z'\/\/5—1)

2000000

w2=(\/1+\/5+i\/\/5—1)2:1+xf—(f5—1)+z‘2\/(\/5+1)(x/5—1):2+4z':z

gboboobOobooooboboon

000000000 2>0000 2z>0000000 (000 +25=50000000000000 z=4w
00o00o0o0000000o00o0o0o0o0oOU000D 1/2000000000000(@O00O V2O /20
000000000000000)0000000000D00000000000 vV-1=i0000000000
000000000000 00D0O (boboo 1o0o000)o

0000 z=2+4wU002x—iyO0O0000000000O (complex conjugate) 000000 z00000000
00000000000000000000000000004*0 —s0001/z2000000

)*_x—H'y_ 1

224y x—iy 2

1., 1 ., ,xz—y
(;> _(x—H'y) _(x2+y2

gbooobooboobooo

googoo
gooobooooo

|2| = Vzz* = Va2 + ¢



gbooooooboooo
oooooooo

1 . 1 .
. Rez-i(z—i—z ), Imz—2—z_(z—z)

2 =rx4iytr—iy=2r, z -2 =z +iy—xr+iy =2y

o (z1+20)" =27+ 23

(214 22) = 1+ 22+ i(y1 + y2)
(z1+22)" = 21+ 22 —i(y1 + y2)
=T —iyl +$2—iy2

=2+ 2

2120 = (w1 + iy1) (w2 + iy2) = 2122 — Y1y2 + i(T1y2 + T2y1)

2125 = (21 — 1) (w2 — iy2) = 2102 — Y1y — i(T1y2 + Toy1) = (2122)"

1*_ —1\*x __ *\—1
c =S (Y =)
01=1"000
1 1 1
= () =)
agoog
1
*7*:1
2 (2)
1*_ *\—1 *—1_1
Cr =G0 ()7 =)
o (Byr= L
2 z5
Zl*_ 1*_*1*_Zik
Gy =) =4 =2
googoooo
o |z =z
2| = |z + iyl = [z —iy| = |27



o [z122] = |21]]22]

O ‘21H22| O
l21llesl = \/23 + 03y/23 + 02 = V@0m2)? + 192)? + (@) + (@201)?
‘2’12’2| O
|z122] = V(2122 — y192)2 + (21Y2 + T2y1)?
oooooo

(2122 — y1y2)? + (21y2 + 291)° = (2122)° + (Y192)° — 2z122y1Y2 + (212)* + (221)? + 221229192

= (SE19€2)2 + (y1y2)2 + (fflyz)z + (362111)2

uaod

|z122| = [21]|22]

° ‘Zl + 22|2 + ‘Zl — 22|2 = 2(|21‘2 + ‘22|2)

|21 + 22| = (w1 + 22) +i(y1 +y2))((z1 + 22) —i(ys + y2)) = (21 +22)% + (y1 + yo)?
|21 — 22|” = (x1 — 22)* + (41 — y2)°

sl =2l + ol |zl =23 403

oono

(21 4+ 22)% + (Y1 +92)% + (21— 22)> + (1 — v2)® = 2(2F + 23 +y§ +v3) = 2(|z1 > + |22]?)

o |21 + 2|? = |21)? + |22]? + 2Re(2123) , |21 — 22| = |21]? + |22|* — 2Re(2123)
O Re(z123) = z122 + 11y2 O O

|21|° + 22> 4+ 2Re(2125) = 2] + 25 + 23122 + Y7 + 45 + 20192 = (21 + 22)> + (Y1 + ¥2)° = |21 + 22|?
|Zl|2 =+ |Z2|2 - 2Re(zlz§) = 33% + 33% —2z122 + yf + y% — 212 = (351 - 332)2 + (yl - y2)2 = |Z1 — 2‘2|2

e 00D0DO00z1 + 22| < 21| + |22, |21 — 22| < 21| + |22]
00000

Rez =a < /a2 4+ y2? = |7|



oono

Re(z123) < |z123] = |z1l|23] = |21 |22

goog

|21 + 22|2 = |21\2 + \22|2 + 2Re(2123)
< |z1]? + |z2]? + 2|21 2|
= (lz1] + |22])?

|21 + 22| < |21] + |22]

21— 2|00 2, 0000000000000 |»/000000000000O0O0O0O0ODOOO

|21 + 22 + 23] < |21 + 22| + |23| < |21] + |22] + | 23]

ooooboog

o |21 — 2| = (|| = [22]] , |21 + 22| 2 |21 — [22]

|21 = |21 — 22 + 22| < |21 — 22| + |22| = [21] — |22 < |21 — 22

|21 — 22| = |2a— 2|0 00021 — 22| > |22|— 21| 0002 0000000000000000000|2 + 2]
0000000

00000 R?00000000000000002000000000000000000000000z2 =ax+1y
O (z,y) OOOOOO 200000 yOOOO200000000000000 z2=(z,y) 000002000
000 224420000000 |z/0000000200000000000000000

21—z = (x1,51) — (T2 +y2) = (1 — 22, Y1 — Y2) = (1 — x2) +i(y1 — y2)

00002000000 |z1—2|0000000000C0O0000OO0Oy0000y000000O0O0O0O0OOOOO
00000020000 (real axis)D 000 y 0000 (imaginary axis) 00 0000000000000 y>0
0000 (upper half plane)Jy <00 000 (lower half plane) 000000

0000 z=(z,y) #(0,0000000 6 (00)0 2000 (argument) 0000

oboooboooooooon



z=x+1iy = |z|(cos @ + isinh)

00000000000000000 (polar forom) 00000027t 0022:"t=1000

(cos® +isinf)(cosh —isinf) = cos® f +sin?h = 1
gd

-t i((;089 —isinf) = i(cos(—@) + isin(—6))

NE ||

googooo

00000000000 0000000DO000000 27000000 0000000 (DOOOOODOO
OO000ooO00o0O0o00oOo0o00oDOo0OoOo00ooO0o00DoO00DOO00DODDOO0000DO0O0ODD 60
—T<6<rO000000000000<6<2r00000Mn0000000z00000

argz = 0 = 0y + 2nw

0000006, 0 Argz000000000O0O (principal argument) 0000000000 AODOODO «0O0O
O0000000000D0D0O0O00O000000
00 z12 0000

z129 = |21]]22|(cos B1 + i sin 01)(cos Oz + i sin O)
= |z1]|22|(cos 61 cos B2 — sin 61 sin B2 + i(cos 61 sin B + sin 61 cos 2))

= |z1]]22|(cos(6 + 02) + isin(6; + 62))

00z = 2129, |2]| = |2122| = |21]|22] OO

arg(z129) = 01 + 03 = arg z; + arg 2o

71000
22yt = Z:(COS 01 +isinf)(cos(—02) +isin(—0s)) = :Zl(cos(ﬁl —63) + isin(6; — 67))
ggd
arg(z12, 1) = arg z; — arg z;
gooooo
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gboooogzroboooooao

2% = 2z = |2|*(cos( + 0) + isin(f + 0) = |z|*(cos 20 + i sin §)

23 = 22% = |2|*(cos (260 + 0) + isin(20 + 0)) = |z|>(cos 30 + i sin 30)

gboooboooobooobo

2" = |z|"(cosnb + isinnb)

nO00000000000000000 (DeMoivre)DOOOOOOOO
000000000000000000 2"=w(r0n>2000)0 :0000000000000000w0O
nU0 2 00000000w0O

w = |w|(cosp+ising) (0<¢ < 2m)

oood

|z (cosmb + isinnb) = |w|(cos(p + 2mrm) + i sin(¢ 4+ 27wm))
ooodbo 2r0000b00bob0b0dOmubobob0 2e,m 000000 ooooog

2
2] = [w|/ 9:?4_&
n n

Ubf00wOn0O0 20

2 2
z= |w|1/"(cos(? + ﬁ) —|—isin(? + ﬂ))
n n n n

oo mmOO00000000O000%, 000

2 = [ W[V (cOS i + 50 ) (= @) 2)

¢mO0m=000n0000

2 4 2
ey e A 2T 2o
n n n n n n n

%
n

0000m=000n-10000<¢,<2r00m=n00m=00000000000000000 w0
n0000m=000n-1000 70000000 2,000
000000 w=|w|(cosm+isinT)=—-10000
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)1/2: COSW—i—Qﬂ'm .. w4+ 2mm

(-1 ( T—&—zsm 5

)= isin(g + 7mm)

000 #x/2004037/200 —000000000000000 000 270000 (-1)Y?20 000000
gooooboooooobob v-1=000000D00000D00DO0OOO
ubobooboboooobooboobobooobo 0000000 e*rO0000DO0

—1+a:+§:c +—m+ Zk'

obooobOobob0o0oobOoboooooboonoonoon «wOOo

1 1 .
”’—1+2y+2'( y)® +§(zy)3+---

O00U0oo0oooooo (eoon)

_ Lo, 1y g Lg 15
cos@-l—ae —l—IO — e, sm9—9—§9 —1—59 —

oo

. 1 1 1
W — iy — . iy° -
eV =141y 2'y 3'y +4' 5!zy
B 1, 1, 1, 1
= (=g + gy =) +ily— vt gt =)

= cosy +isiny

gbooobOoboobooboboooobobooooona

e = cos(—y) + isin(—y) = cosy —isiny

googoooood

eV +e e —e W

cosy = 3 , siny = %
i

00000000e* =€ 00000 e+ =e%? 00

e"TW = % (cosy + isiny)
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gooooobooooboon

Sk |z|k
‘H Tk
oad
S = k
27 |2 _ =l
dolgl=d = <o
k=0 k=0

oooobodesdDb0ObOOoOonOOoo
gooooooOoOoOoOOOOOOOeOOO

z = |z|(cos @ + isin @) = |z|e"?

gboboobobooooboboooobooboooooboooooan

. i .. i . . L. .
e /? =cos 5 +ising =i, ™ =cosm+isinT =1, 37/% = —

2 )

. T .7 ‘
eMim/2 — el (cos 5 + isin 5) = ie

Oe*00O0O

zt+w _ _z

® e = e®e"

pPtw _ prtiytatib _ jetati(y+ib) _ "+ (cos(y + b) + isin(y + b))
= e*T%(cosy cosb — sinysin b + i(sin y cos b + cosy sin b))
= e (cosy + isiny)(cosb + isinb)

= e"(cosy + isiny)e(cosb + isinb)

_ iy gatib

— ezew

° (ez)* — ez*7 (ezy)* _ e—iy
(e*)* = e"(e")* = e"(cosy +isiny)* = e”(cosy — isiny) = e”(cos(—y) + isin(—y)) =e
r=0000(e¥)*=e %000
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° ‘eeriy' = e

€2t | = |e®e™| = |e®||e™| = e®+/(cosy + isiny)(cosy — isiny) = e*
° i:e_z
eZ
z 1 zZ,—2 z—z 0 1 —z z\—1 —z
ee—Z:l,ee =e :ezlﬁe—zze ((e*)""=e"7)

O000D0Z=e2000

1 1 zZ* 1 x 1 )
= ‘62‘262 = Wez(cosy —isiny) =e “(cosy —isiny) =e Te W =7

ez Z |2

o *T2™ — ez (n00O0)

eFHIIT — 02 2T — o2 (cos 2mn, + i sin 27n) = €7

O00z=2m OO e*=1000

oooobOobo0-000000000000D0000w=2"0

w=2"=Re'"” (R=|w|, ¢=Argw)

oboooodgoDezO

z=re?  (r=|z|, 6 = Argz)

goooogez"0

gooooo

Reuj) _ ,rnean

oo
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R=71" = r=RY" ™ =¢% = §=

3o

0,90

ei@ — ei9+2i7‘r _ ei9+4i7r — ... (621'7r _ COS(27T) +ZSIH(27T) — 1)

000 2r000000000000mO m=0,1,2,...,n—1000

9+ 2mm
N n

0

U000w0O nO0 2,0

¢+ 2mm

Zm = |w|Y"e?m = |w|Y"™ (cos b 4 isin ) (P
n

)

0000(2)0000000000000i00 2"=Re®=i=¢"20000n,=2000000

=z = re'? = i("/242mm)/2 _ gilm/d+mm) _ cos(% + mm) +isin(% +mr) (r=RY2=1)

oboboobooboodm=00m=10

1
m=0: cos%—l—isinﬁ =—(1+4)

1TV

1

m=1: cos(g—l—w)—l—isin(%—i—w):—E(l—i—i)
0000(1)0000000m=200m=000m=300m=2000000000000000000
—1+4i03000002"=Re®=—-1+i=+2e34000 (R=+2)0n=3000000

2 — rei® — 91/6,i(37/4+2mm)/3

oboboooOoboooobobooobogo30b000 m=0,1,2000
OO0O00000000legO0a,b000O0OO



000000 0loge 0000000000000 D0D0O00000 2rn000000000

ez _ ez+227r _ ez+z4ﬂ' —..=w

OO0000O0000DoDO0 legwOOOOODODOOOODOOOOODOODZO

0 _ elog\z|610 — elog\zH—zG

z=|zle (0 = arg 2)

ubooobooodnbOODOOO

log z = log |z| + 160 = log |z| + i(6p + 2n7) (0 < Oy < 27)

|2|000000 log|2|00000000000000OOO logd 100000 2000000 0000000
000000000001 0000000000000000000000 (multivalued function) 0000000
bobodro00000000O0O0OO0O0OOODOOOOODI0OOO0ODOODOO0OO0O 1000000
O100o0000ooOo0o0ooooooooooooDbooDobooOoo ODbbOoOoOoDo

Logz =log |z| +i0y (6 = Argz)

oo0o00oo0bo00obO0obou0ob0dbfLogz=wd0OOO

_ eLogz Logz+i2mn

z=e% =e

oo

log z = Logz + i2mn

gboooboooooboboboboobo

Logie = log |ie| + Zg =1+ Zg (ie = \e|ising = |e|e’™/?)

0000000000000000000000000000000z=1+4=+2¢? (6 =Argz =n/4)00

log[1 + 4] = log V2 + i% (0 < arg(1 + i) < 27)

log[1 + ] = log V2 + z‘%ﬂ (m < arg(1 +1) < 3m)
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gooooo

00000000 DO0OO0O0O0O0Ologz00DOOOOlogz00 (branch) 00000000000 OOOOO
000000o00o0o00o0o0000o000o0o0o0o0oUoO00OU0O0 (OD o000 /40000000
00 #/4000000) 00000000 1000000000 (eut)00O000 (branch cut) 00000000
oboooOooooooobobooooobooooga

OoOOO0OO0OO0OO0O00000 logab=loga+logb0 00000000000

log z129 = log|z122| + i arg(z122)

log |z1[|22] + i(arg 21 + arg 23)

= log|z1| +iargz + log |z2| + i arg zo

= log z1 + log 25

oooooooo
gbooobooobooboood

1 1
e 00O z:x—H'yDDDIZID:t(% x—i—\/x2+y2+isﬁ\/—x+\/:ﬂ2+y2)

sOy>000 410y <000 —10

LI

z z*

1 1
Rez = §(Z+Z*) , Imz = %(z —z%)

(21 +22)" =27 + 23

1 1
e ) =2 (1) =(z9))
o |z] = |27
o |z122] = |21][22]

‘Zl + 2:2|2 + ‘Zl — 2:2|2 = 2(|Z1‘2 + ‘Z2|2)

|21 + 22]% = |21]? + |22]? + 2Re(2123) , |21 — 22]? = |21] + |22]® — 2Re(2123)

0000002 + 22 < 21| + 2] 5 |21 — 2] < 21| + |22]
o arg(z129) = arg z; + arg 2

° arg(zlzgl) = arg z; — arg 2o

0000000000 2™ = |z|™(cosnf + isinnb)

000 w=|wle®d n000|wMmet2mm)/n (m =0,1,2,...n— 1)

° ez+w — ezew

° (ez)* _ ez*’ (ezy)* ——
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‘ew+iy‘ = e

1

—Zz

e—z_
ez+i2ﬂ'n = e? (n 00 D)

log 2129 = log z1 + log 25
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